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(54) METHOD AND DEVICE FOR OPTICAL RECORDING AND OPTICAL READING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To constitute an optical 
system simple and compact in the case of hologram 
recording while intensifying the image edge part of 
signal light, to unnecessitate the alignment control of 
the optical system as well and to enable the high- 
speed and high-S/N reading of recorded data when 
read-out. 

SOLUTION: Laser light from a light source is made 
into parallel light 6 by a lens and made incident to a 
spatial light modulator 30. Almost all the surface of 
the spatial light modulator 30 is irradiated with almost 
all the incident parallel light 6, the left half of the 
spatial light modulator 30 is used for data display, 
light transmitted through the left half is made into 

signal light 1 while modulating the intensity of the incident parallel light 6 at the part made 
incident to the left half of the spatial light modulator 30, all the pixels are made open at the 
right half of the spatial light modulator 30. and the part of the incident parallel light 6 made 
incident to the right half of the spatial light modulator 30 is transmitted through the spatial 
light modulator 30 making it as reference light 2 with no modulation. A common Fourier 
transform lens performs Fourier transform of the signal light 1 and the reference light 2 and 
they simultaneously irradiate an optical recording medium. 
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* NOTICES * 

JPO and NCIPI are not: responsible £or any 
damages caused by the use of ^±s t;ranslat:±on . 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention records data information on an optical recording medium, and 

relates to the approach and equipment which are read from an optical recording medium. 

[0002] 

[Description of the Prior Art] Rewritable optical disk units, such as a phase change mold and an 
optical MAG mold, have already spread widely. Although recording density is high single or more 
figures if these optical disk units are compared with a conmion magnetic disk drive, it is not yet 
enough for the digital storage of image information. In order to raise recording density, there is need, 
such as making the diameter of the beam spot small and shortening distance with an adjoining truck 
or a contiguity bit. 

[0003] DVD-ROM is one of those which are put in practical use by development of such a 
technique. The data of 4.7GByte(s) are made as for DVD-ROM to a disk with a diameter of 12cm on 
one side. High density record of 5,2GByte(s) is possible for DVD-RAM in which writing and 
elimination are possible by both sides on a disk with a diameter of 12cm by the phase change 
method. This is equivalent to 3600 or more sheets of 7 or more times of read-only CD-ROM, and a 
floppy disk. 

[0004] Thus, the densification of an optical disk is progressing every year. However, in order that the 
above-mentioned optical disk may record data in a field on the other hand, the recording density is 
restricted to the diffraction limitation of light, and 5 Gbit/cm2 called physical limitation of high 
density record is approached. Therefore, for the further large-capacity-izing, the three-dimension 
(volume mold) record also including the depth direction is needed. 

[0005] A photorefractive ingredient is mentioned as an ingredient of the optical recording medium of 
a volume mold. Since this ingredient absorbs a taper comparatively and produces refractive-index 
change, the information record by optical induction refractive-index change is possible for it. For this 
reason, it can use for the volume multiplex hologram record in which large-capacity-izing is 
possible. 

[0006] The record playback approach thru/or optical system of a digital hologram memory indicated 
by drawing 12 (A) SCIENCE, VOL.265, and p749 (1994) is shown. 

[0007] By this approach, LiNb03 is used for the hologram record medium 5, and the laser beam 
from the light source 10 is divided into two light waves by the beam splitter 25, and with lenses 21 
and 22, the laser beam which penetrated the beam splitter 25 is made into parallel light with large 
aperture, and carries out incidence to the space optical modulator 30. 

[0008] The space optical modulator 30 is controlled by the computer 40, and the signal light 1 which 
has two-dimensional intensity distribution is obtained as a light which passed the space optical 
modulator 30. You carry out the Fourier transform of this signal light 1, and it makes it condense on 
the hologram record medium 5 with a lens 23. 

[0009] On the other hand, the laser beam reflected by the beam splitter 25 is reflected by mirrors 26 
and 27, a reference beam 2 is obtained, and incidence of this reference beam 2 is carried out to the 
hologram record medium 5. Thus, by irradiating the signal light 1 and a reference beam 2 at the 
hologram record medium 5 at coincidence, a hologram is recorded into the hologram record medium 
5. 
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[0010] Only the reference beam 2 obtained as mentioned above at the time of hologram read-out is 
irradiated as a read-out light 3 at the hologram record medium 5. The read-out light 3 is diffracted on 
the optical path of the signal Hght 1 by this as if the signal light 1 passed the hologram record 
medium 5. Image formation of the diffracted light 4 is carried out on a camera 60 with a lens 24. 
[001 1] By this approach, the differential code method is used for the display of bit data at the data 
input using the space optical modulator 30. As shown in drawing 12 (B), using 2 pixels as a pair, 
data "0" are expressed with "****" and "light and darkness" expresses data "1" by the differential 
code method. 

[0012] Since the number of light and darkness is the same whenever it uses such a differential code 
method, it becomes fixed [ the quantity of light of the body light which passed the space optical 
modulator 30 ]. Therefore, it is not necessary to adjust the reinforcement of a reference beam 2 for 
every page. Moreover, although it is difficult to be easy to generate quantity of light unevenness in 
playback of a hologram, and to attach the break of monochrome level uniformly, according to the 
differential code method, it is [ that what is necessary is just to read an edge ] strong also in a noise. 
[0013] 

[Problem(s) to be Solved by the Invention] However, there is a problem as shown below in the 
conventional approach mentioned above. 

[0014] Usually, in order to record a hologram, the signal light which has data information, and this 
and the reference beam in which it interferes are required. In order to have to interfere in these 2 
light wave in a hologram medium, it needs to dissociate from the same laser light source, and needs 
to generate these 2 light wave, and needs to carry out the optical path difference of these 2 light wave 
within the coherence length of laser. However, although it is possible practically to use a laser diode 
for the light source, since the coherence length of a laser diode is very short, a very high precision is 
required of the alignment of optical system. 

[0015] Furthermore, although it is necessary to make signal light and a reference beam cross in a 
hologram medium, since the spot of signal light becomes very small in a hologram medium in 
recording the Fourier transform hologram which condensed signal light with the lens, it is very 
difficult [ it ] to double a reference beam with this. 

[0016] Moreover, as for signal light and a reference beam, each also has the problem that a playback 
image deteriorates, in response to the effect of noises, such as outdoor daylight and optical system, in 
order to pass an independent optical path, respectively. Furthermore, since an optical path 
respectively independent of signal light and a reference beam is needed, a system is not made into a 
compact. 

[0017] Moreover, by the conventional approach, the edge of data is read by the differential code 
method shown in drawing 12 (B). However, the differential code method has the use effectiveness of 
a pixel as low as 0.5 in order to display 1-bit data by 2 pixels. Therefore, there is a problem that data 
density recordable on 1 page falls. 

[0018] Furthermore, by the differential code method, after incorporating a hologram reconstruction 
image by two-dimensional photo detectors, such as CCD, and changing into a serial electrical signal, 
in order to read an edge electrically and to change into bit data, processing takes time amount and 
there is also a problem that a transfer rate falls. That is, from a hologram, even if it can read two or 
more bit information to juxtaposition, since electric data processing is performed serially, a transfer 
rate quick as a result cannot be attained. 

[0019] Then, while it is easy and small and alignment adjustment can also make optical system 
unnecessary, the high density record of this invention is attained, and it is made for the fast transfer 
of it to become possible in the approach of recording data information as a hologram at the time of 
playback. 
[0020] 

[Means for Solving the Problem] By the optical recording approach of this invention, in the optical 
recording approach which records the image edge part of said signal light as a hologram into that 
optical recording medium, signal light and a reference beam are irradiated at an optical recording 
medium at coincidence, signal light and a reference beam are formed according to the common 
optical system which contains the space optical modulator for signal light formation especially, the 
Fourier transform of that signal light and reference beam is C£irried out, and they are irradiated 
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according to common image fomiation optical system at an optical recording medium. 
[0021] When it is formed by the optical reading approach of this invention of the common optical 
system containing the space optical modulator for signal light formation and the signal light and the 
reference beam the Fourier transform was carried out [ the reference beam ] by common image 
formation optical system are irradiated by coincidence Said hologram is read from the optical 
recording medium with which the image edge part of said signal light was recorded as a hologram by 
the read-out light which has the same wave front as said reference beam, the diffracted light which 
has the image edge part of said signal light is obtained, and data are read in the edge part. 
[0022] 

[Function] Although what kind of thing may be used as an optical recording medium used by the 
optical recording approach of this invention as long as a hologram is recordable, especially a 
photorefractive ingredient is suitable, a photorefractive ingredient — (1) — it is about several mW low 
laser beam power, and since it applies to a near-infrared wavelength region from (2) Hght 
wavelength region where a big nonlinear-refractive-index change, such as -2, is obtained and an off- 
resonance target has sensibility, it is observed as a rewritable ingredient for hologram memories for 
the reasons of there being deltan=10-6 - 10(3) with Uttle loss by light absorption memory effect. 
[0023] In order to discover a photorefractive effect, it is required for the level which originates [ 1st ] 
in an impurity or a defect to exist. This is called PR core. PR core is ionized by light and emits a free 
carrier (an electron or electron hole). It means that it recombines with ionized PR core and the charge 
had moved it as a result after this free carrier moved by diffusion, the drift by electric field, etc. in 
the inside of the matter. If the light to irradiate is spatially uneven, space charge distribution, 
therefore electric-field distribution will be produced in the matter. Here, as the 2nd condition, if the 
photorefractive matter has the electro-optical effect, the refractive-index change by intemal electric- 
field distribution will be produced. 

[0024] As mentioned above, an elementary process essential in discovering a photorefractive effect 
is four, generation of the carrier by (1) optical pumping, transportation of (2) carriers, formation of 
(3) space electric field, and change ** of the refractive index by (4) electro-optical effects. 
[0025] This process is shown using drawing 9 . First, two light waves coherent into a photorefractive 
ingredient are irradiated, and interference fringe I (x) is formed. In the location where optical 
reinforcement is strong, the electron of donor level is excited by the conduction band, moves by 
diffusion or the drift, and is captured in the location where optical reinforcement is weak. Therefore, 
in the location where optical reinforcement is strong, a plus charge remains, a minus charge collects, 
charge distribution rho (x) is formed, and electrostatic field E (x) is produced in a weak location. 
And refractive-index change deltan (x) is produced as a result of the electro-optical effect by this 
electrostatic field E (x). This period of refractive-index change deltan (x) is the same as the period of 
interference fiinge I (x), and this refractive index grating acts as a hologram diffraction grating. 
[0026] Although drawing 9 shows the case where a charge moves by diffusion, in distribution of 
Ught, and distribution of electric field, it tums out that about 90 degrees of phases have shifted. 
When extemal electric field are impressed or there is the photovoltaic effect, this phase shift stops 
being 90 degrees. 

[0027] Holography is divided into the phase which records a hologram, and the phase to reproduce, 
record - a phase --****-- drawing 10 - R - > - zero - (- A ~) - being shown - as - information 
- having - a signal - light - (- Ep -) - one - a reference beam - (- Ef ~) - two - the hologram 
record medium 5 — coincidence — irradiating - the inside of the hologram record medium 5 — both 
interference fringe - recording . Permeability T at this time T- (Ap+Af) (Ap*H-Af»') 
= |Ap|2+|Afl2+ApAP+AfAp* - (1) 

It is come out and expressed. However, Ap and Af are the complex amplitude in the field of z= 0 of 
light waves Ep and Ef, respectively. 

[0028] playback - a phase --**** - drawing 10 - (~ B -) - being shown - as - record - the time 
~ a reference beam ~ (- Ef -) - two - being the same - read-out ~ light - (- Ef -) - three ~ the 
hologram record medium 5 - irradiating . Electric field Ac of the Ught wave (Ec) 4 diffracted 
rightward [ of the hologram record medium 5 ] at this time Ac=TAf-(|Ap|2+|Afl2) Af 
+|Af|2Ap+Af2Ap* - (2) 

It is come out and given and only the 2nd term fulfills the conditions of Bragg. The 2nd term Ac- 
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|Afl2Ap - (3) 

Come out, and it is, has a phase factor exp [-i(kp) and r], and will have the same wave front as the 
signal light (Ep) 1 by z> 0. 

[0029] When an artificer's include angle which the signal hght at the time of record and a reference 
beam make is very small as a result of experiment research, The time of crossing one parallel light to 
the whole surface mostly, irradiating a space optical modulator, and modulating some fields of 
incidence parallel light with a space optical modulator especially. When the transmitted light of the 
modulated part was made into signal light, the transmitted light of the part which is not modulated 
was made into a reference beam and the recorded hologram was read, it found out that the diffracted 
light as which the edge (a profile, boundary) of the two-dimensional intensity distribution (image) of 
signal light was emphasized was obtained. 

[0030] This can be explained as follows. Although the include angle which two light waves make is 
small, and the interference region of two light waves is small when the light wave of either or both is 
condensed with the lens, spacing of the interference fringe formed into an optical recording medium 
becomes large, and the phenomenon in which the diffraction grating of sufficient number for the 
field in which two light waves interfere is not recorded is produced. Therefore, when there is no 
change of signal luminous-intensity distribution, sufficient record for hologram diffraction is not 
performed. 

[0031] However, the include angle which signal light and a reference beam make by the diffraction 
phenomena of a light wave becomes large, and spacing of the interference fiinge formed into an 
optical recording medium becomes narrow in a place with change of signal luminous-intensity 
distribution, i.e., the edge part of an image. Therefore, the diffraction grating of sufficient number for 
the field in which two light waves interfere is recorded, and only the edge part of signal light is 
recorded as a hologram. 

[0032] (The spacing lambda of the interference fiinge by two light waves, i.e., the lattice spacing of 
a diffraction grating, if wavelength of n and two light waves is set [ the include angle which signal 
light and a reference beam make ] to lambda for the refractive index of theta and an optical recording 
medium Lambda=lambda / 2n, sin [(1/2) sin-1 {(1/n) sintheta}] ~ (4)) 
It is come out and given. 

[0033] The lattice spacing formed from this formula of the transmitted light component which is not 
diffracted in the non-edge part of signal light and a reference beam can be estimated. For example, a 
refractive index n= 1.5 and the wavelength of lambda= 500nm are assumed, and it will be set to 
about 15 micrometers if the lattice spacing by which two light waves at the time of carrying out 
image formation with both lenses with a focal distance of 30cm form the signal light and the 
reference beam of the point light source which separated 2cm in the perpendicular direction is 
calculated to an optical axis. If the interference region of two light waves is -lOOmicrometerphi, the 
diffraction grating formed in the field is [ several / at most ], and is not enough to obtain the strong 
diffracted light. For this reason, it is thought in fields other tiian the edge of signal light that 
hologram record is not fiiUy performed. 

[0034] Furthermore, the effectiveness of the above-mentioned profile emphasis can be reinforced by 
using a photorefractive ingredient as an optical recording medium. Drawing 11 shows the most 
general lattice spacing dependency of hologram diffraction efficiency of a photorefractive ingredient. 
With an ingredient, the difference in some shows diffraction efficiency with the lattice spacing of a 
certain thing high at several micrometers, and diffraction efficiency becomes low by the lattice 
spacing beyond it. The internal electric field strength formed into a photorefractive medium depends 
this on it being dependent on a lattice spacing. 

[0035] Therefore, when there is no change of signal luminous-intensity distribution, since the 
include angle which signal light and a reference beam make is small and a lattice spacing is still 
large, hologram diffracted-Ught reinforcement becomes low. On the other hand, since whenever 
[ incident angle ] changes by the diffraction in an edge part, a lattice spacing becomes narrow and 
hologram diffracted-Ught reinforcement becomes high in a place with change of signal luminous- 
intensity distribution, i.e., the edge part of an image. For this reason, the hologram diffracted light as 
which the edge part of signal light was emphasized will be obtained. 

[0036] As mentioned above, paying attention to this point by the optical recording approach of this 
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invention In the optical recording approach which irradiates signal light and a reference beam at an 
optical recording medium at coincidence, and records the image edge part of said signal light as a 
hologram into the optical recording medium Signal light and a reference beam are formed according 
to the common optical system which contains the space optical modulator for signal light formation 
especially, according to common image formation optical system, the Fourier transform of the signal 
light and reference beam is carried out, and they are irradiated at an optical recording medium. 
[0037] Therefore, according to the optical recording approach of this invention, the image edge part 
of signal light can be emphasized and hologram record can be carried out without needing special 
processing. 

[0038] As mentioned above, paying attention to the above-mentioned point moreover, by the optical 
reading approach of this invention When it is formed of the common optical system containing the 
space optical modulator for signal light formation and the signal light and the reference beam the 
Fourier transform was carried out [ the reference beam ] by common image formation optical system 
are irradiated by coincidence Said hologram is read from the optical recording medium with which 
the image edge part of said signal light was recorded as a hologram by the read-out light which has 
the same wave front as said reference beam, the diffracted light which has the image edge part of 
said signal light is obtained, and data are read in the edge part. 

[0039] Therefore, according to the optical reading approach of this invention, the reconstruction 
image as which the image edge part of signal light was emphasized can be acquired without needing 
special processing. 
[0040] 

[Embodiment of the Invention] [Operation gestalt of the optical recording approach and optical 
recording equipment] Drawing 1 shows 1 operation gestalt of the optical recording approach of this 
invention, and optical recording equipment. The light source 10 should just emit the coherent light of 
the wavelength which has sensibility in the hologram record medium 5. The example of drawing is 
the case where 515nm of oscillation lines of an Ar ion laser is used. 

[0041] With two lenses 21 and 22, the laser beam which carried out outgoing radiation from this 
light source 10 is made into the parallel light 6, and carries out incidence to the space optical 
modulator 30. As a space optical modulator 30, the liquid crystal panel of an electrical-potential- 
difference address type, the thing which attached the matrix electrode to the electro-optics crystal 
can be used. 

[0042] In this example, a liquid crystal space optical modulator as shown in drawing 2 R> 2 is used 
as a space optical modulator 30. The liquid crystal layer 31 was pinched with transparent electrodes 
32 and 33, the polarizing plates 34 and 35 which crossed the outside mutually were arranged, and a 
liquid crystal space optical modulator can modulate the ampUtude thru/or reinforcement of incident 
light. 

[0043] The data information which should be recorded on a hologram is a computer 40, and 
modulates the reinforcement of the parallel light 6 which carries out incidence to the space optical 
modulator 30 to two-dimensional according to the data information which codes, uses as two- 
dimensional digital data, or should output to the space optical modulator 30 from a computer 40 as 
two-dimensional image information of an analog, should display on the space optical modulator 30, 
and should be recorded. 

[0044] The example of presenting of the data information to the space optical modulator 30 top is 
shown in drawing 3 . This drawing expresses the wave front after [ the incidence parallel light 6 ] 
passing the space optical modulator 30 for all by the case of the space optical modulator 30 where 
the whole surface is irradiated mostly, mostly. 

[0045] In this case, the part which the left half of the space optical modulator 30 is used for data 
display, the reinforcement of the part which carries out incidence to the left half of the space optical 
modulator 30 in the incidence parallel light 6 is modulated, and the right half of the space optical 
modulator 30 makes all pixels open, and carries out incidence to the right half of the space optical 
modulator 30 in the incidence parallel light 6 makes the space optical modulator 30 penetrate with no 
becoming irregular. Therefore, the Ught which penetrated the left half of the space optical modulator 
30 turns into the signal light 1, and the Ught which penetrated the right half tums into a reference 
beam 2. 
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[0046] however, the incidence parallel light 6 — almost — one half — a space optical modulator ~ the 
whole surface is made to carry out incidence mostly, the transmitted light is made into the signal 
light 1 , and the space optical modulator of the incidence parallel light 6 is not passed — it remains 
and is good also considering one half as a reference beam 2. 

[0047] Thus, the Fourier transform of the light which passed through the opening field of the space 
optical modulator 30 with which reinforcement is not modulated on the other hand considering the 
light which passed through the data display field of the space optical modulator 30 with which 
reinforcement was modulated by two-dimensional according to data information as a signal light 1 is 
carried out by Fourier transformer lens 23 as a reference beam 2, respectively, and the hologram 
record medium 5 is irradiated at coincidence. 

[0048] In the hologram record medium 5, the signal light 1 modulated by data information and the 
reference beam 2 which is not modulated interfere, and the image edge part of the signal light 1 
holding data information is recorded as a hologram by this. 

[0049] As mentioned above, according to the optical recording approach of this invention thru/of 
optical recording equipment, the image edge part of the signal light 1 can be emphasized, and 
hologram record can be carried out without needing special processing. Furthermore, they have the 
advantage that alignment adjustment of optical system also becomes xmnecessary while they do not 
need an optical path independent of the signal light 1 and a reference beam 2 but can constitute 
optical system simply and small, since it is condensed by Fourier transformer lens 23 on the 
hologram record medium 5 and interferes in the signal light 1 and a reference beam 2 mutually by it, 
respectively. 

[0050] [Operation gestalt of the optical reading approach and an optical reader] Drawing 4 shows 1 
operation gestalt of the optical reading approach of this invention, and an optical reader. The optical 
reader of this operation gestalt adds the two-dimensional photodetectors 50, such as Fourier 
transformer lens 24 and CCD, to the optical recording equipment of drawing 1 . Data information is 
recorded on the hologram record medium 5 by the approach mentioned above. 
[0051] As the light source 10, the same thing as the thing at the time of record is used. Like the time 
of record, with two lenses 21 and 22, the laser beam which carried out outgoing radiation fi-om this 
light source 10 is made into the parallel light 6, and carries out incidence to the space optical 
modulator'30. The thing same also as a space optical modulator 30 as the thing at the time of record 
is used. 

[0052] And by computer 40, as shown in drawing 5 , all signal light field 30a that displayed data 
information at the time of record of the space optical modulator 30 is shaded, and all pixels are made 
open, and at the time of hologram read-out, a reference beam field reads the light wave of the part 
which penetrated this reference beam field in incident light 6, and makes it light (reference beam) 3 
at it. 

[0053] However, drawing 5 obtains the signal light 1 by which intensity modulation was carried out 
to data display using the left half of the space optical modulator 30 as shown in drawing 3 at the time 
of record, and a right half is the case where all the pixels are made open for reference beam 
formation, the time of record — incident light 6 ~ what is necessary is to make the whole surface 
carry out incidence mostly, to make the transmitted light into the signal light 1, and just to shade all 
the pixels of a space optical modulator for one half mostly, at the time of read-out, in [ of a space 
optical modulator / which does not penetrate the space optical modulator of incident light 6 ] 
remaining and making one half into a reference beam 2 

[0054] Thus, without penetrating the light which penetrated the reference beam field of the space 
optical modulator 30 in incident light 6, or a space optical modulator, the Fourier transform of the 
light which passed the one side is carried out by Fourier transformer lens 23 as a read-out light 3, and 
the hologram record medium 5 is irradiated. 

[0055] The hologram on which the signal light 1 modulated by data information and the image edge 
part of the signal light 1 which it reads, and light 3 interferes and holds data information which is not 
modulated are recorded is read in the hologram record medium 5 by this. The read diffracted light 4 
is diffracted in the direction in which the signal Ught 1 passed the hologram record medium 5. 
[0056] Since the Fourier transform of the signal light 1 in the hologram record medium 5 is carried 
out by Fourier transformer lens 23, by carrying out the inverse Fourier transform of the diffi-acted 
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light 4 by Fourier transformer lens 24, it is the focal plane of Fourier transformer lens 24, and the 
reconstruction image as which the image edge part of the signal light 1 was emphasized can be 
observed. The photodetectors 50, such as CCD and a photodetector array, detect this reconstruction 
image, and the data information which the image edge part of the signal light 1 has is read. 
[0057] However, since a reconstruction image appears next to the read-out light 3 at this time, if the 
location of a photodetector 50 is adjusted appropriately or there is need, it will read with a mask 29 
and light 3 will be intercepted. 

[0058] Drawing 6 shows the read diffracted hght 4. The edge part of the image horizontally of the 
signal light 1 it was shovra in drawing 3 R> 3 is emphasized. This is because the space optical 
modulator 30 has separated the signal light 1 and a reference beam 2 horizontally. 
[0059] As mentioned above, according to the optical reading approach thru/or the optical reader of 
this invention, the reconstruction image as which the image edge part of the signal light 1 was 
emphasized can be acquired without needing special processing. Furthermore, when dealing with 
binary digital data, the recorded data can be read with a high speed and a high SN ratio by the code 
method shown below. 

[0060] The 8-bit data stream of the contents of data "1001 101 T' is shown in an example. At the time 
of record, by the space optical modulator 30, this data stream is changed into the signal light 1 by 
which intensity modulation was horizontally carried out to the order of "****** Hght-and-darkness 
********", as shown in drawing 7 (A). Here, if the adjoining pixel is "****" or "light and darkness", 
data "1" are expressed, and if it is "****" or it will set up so that data "0" may be expressed. 

Only a part for the party of the data streams of a multi-line is shown in drawing 7 . 
[0061] It records into the hologram record medium 5 with the optical recording equipment which 
mentioned this signal light 1 above, and if it reads with the optical reader which mentioned that 
reconstruction image above, as shown in drawing 7 (B), the diffracted light 4 as which the image 
edge part of the signal light 1 was emphasized will be obtained. However, for convenience, drawing 
7 (B) carries out right-and-left reversal, and shows the acquired reconstruction image. Since the edge 
part of this reconstruction image corresponds to data "1" exactly, the data stream "1001 101 1" can be 
read only by reading the edge location of a reconstruction image in the diffracted light 4. 
[0062] Therefore, according to this code method, like the differential code method shown and 
mentioned above to dravvdng 12 R> 2 (B), after changing a reconstruction image into a serial 
electrical signal, processing in which an edge is read electrically is not needed. Therefore, fast 
transfer becomes possible. Furthermore, since data are read by the edge part of a reconstruction 
image, degradation of the SN ratio by the spots of the diffracted light 4 on the strength etc. can be 
prevented sharply. 

[0063] Furthermore, by the differential code method, since 1-bit data are displayed by 2 pixels, 
recording density falls, but by the above-mentioned code method, since 1 pixel is made to 
correspond to 1-bit data, recording density can be doubled compared with the differential code 
method. 

[0064] In order to keep the fiiU strength of signal light constant without being dependent on data 
information, as shown in drawing 8 (A), pixel data stream lb which becomes the relation of 
NEGAPOJI exactly with this is added to the lower berth to pixel data stream la of an original signal 
light, and it uses for the signal light 1 by making the pixel data streams la and lb of the two trains 
into a pair. However, only the party of the pair data streams of a multi-line is shown in drawing 8 . 
[0065] Thus, by making into a pair the data streams la and lb which have the relation of NEGAPOJI 
mutually, the full strength of the signal light 1 can be kept constant without being dependent on data 
information. Furthermore, as shown in drawing 8 (B), as for the reconstruction image as which the 
image edge part of the signal light 1 was emphasized, the data streams 4a and 4b of two trains have 
the same space intensity distribution. Therefore, improvement in an SN ratio and error detection 
become possible by reading and comparing the data streams 4a and 4b of these 2 train. However, for 
convenience, drawing 8 (B) carries out right-and-left reversal, and shows the acquired reconstruction 
image. 

[0066] [Example] By the approach mentioned above, record playback was actually tried. Although 
what kind of thing could be used as a hologram record medium 5 as long as the hologram was 
recordable, the iron dope LiNb03 which shows a photorefractive effect was used here. The iron 
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amount of dopes is 0.02-mol%, and has arranged the c-axis of a crystal in include angle of about 90 
degrees to incident light 6. 

[0067] The optical recording equipment shown in drawing 1 was used for record of data information. 
515nm of oscillation lines of an Aj ion laser mentioned above was used for the light source 10. The 
magnitude of 1 pixel used the 640x480-pixel hquid crystal panel 1.3 mold for projectors for the 
space optical modulator 30 by 42micrometerx42micrometer. 

[0068] The data information of the contents shown in drawing 3 was created by computer 40, and it 
inputted into the space optical modulator 30. By this, the hologram was recorded into the hologram 
record medium 5 by the approach mentioned above. 

[0069] It tried to read data from the hologram recorded as mentioned above with the optical reader 
shown in drawing 4 . 515nm of oscillation lines of the same Ar ion laser as the time of record was 
used for the light source 10. The space optical modulator 30 shaded all signal Hght field 30a, as 
shown in drawing 5 , and it controlled all reference beam fields by the computer 40 to make light 
penetrate. 

[0070] At this time, drawing 6 showed the diffracted light 4 which was obtained from the hologram 
and detected by the photodetector 50, and checked that the image edge part of the signal light 1 was 
emphasized. 
[0071] 

[Effect of the Invention] The image edge part of signal light can be emphasized and hologram record 
can be carried out without needing special processing according to the optical recording approach of 
this invention, and optical recording equipment, as mentioned above. Furthermore, since an optical 
path respectively independent of signal light and a reference beam is not needed, while being able to 
constitute optical system simply and small, ahgnment adjustment of optical system also becomes 
unnecessary, 

[0072] Moreover, according to the optical reading approach and the optical reader of this invention, 
the reconstruction image as which the image edge part of signal light was emphasized can be 
acquired without needing special processing. Fiuthermore, when dealing with binary digital data, the 
recorded data can be read with a high speed and a high SN ratio. 

[0073] Moreover, application to hologram multiplex record of include-angle multiplex record, 
wavelength multiplexing record, phase code multiplex record, shift multiplex record, etc. is also 
possible for the optical recording approach of this invention, and the optical reading approach, and it 
is suitable also for high density record. 
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* NOTICES * 

JPO and NCIPI are not: responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical recording approach characterized by irradiating signal light and a reference 
beam at an optical recording medium at coincidence, forming signal light and a reference beam in 
the optical recording approach which records the image edge part of said signal light as a hologram 
into the optical recording medium according to the common optical system containing the space 
optical modulator for signal light formation, carrying out the Fourier transform of the signal light and 
reference beam according to common image formation optical system, and irradiating them at an 
optical recording medium. 

[Claim 2] The optical recording approach characterized by said optical recording medium consisting 
of a photorefractive ingredient in the optical recording approach of claim 1. 

[Claim 3] the optical recording approach of claims 1 or 2 ~ setting - said signal Ught - a part of one 
parallel light — said a part of space optical modulator — some everything [ should become irregular 
in the field and / reference beam / said ] but said one parallel light ~ said a part of other space optical 
modulators ~ the optical recording approach characterized by making a field penetrate. 
[Claim 4] It is the optical recording approach which said signal light should modulate a part of one 
parallel light with said space optical modulator in the optical recording approach of claims 1 or 2, 
and is characterized by said reference beam passing the near field of said space optical modulator for 
said a part of other one parallel light. 

[Claim 5] The optical recording approach that signal light modulated by said space optical modulator 
is characterized by being the image coded by optical reinforcement binary in one optical recording 
approach of claims 1-4. 

[Claim 6] The optical recording approach characterized by giving data information to the edge part 
of said image coded binary in the optical recording approach of claim 5. 

[Claim 7] Optical recording equipment equipped with the common image formation optical system 
which modulates the light from said light source according to the light source which emits coherent 
light, and data information, carries out the Fourier transform of the reference beam formed from the 
space optical modulator which obtains the signal light which holds said data information by the wave 
front, said signal light, and the light from said light source, respectively, and irradiates an optical 
recording medium. 

[Claim 8] Optical recording equipment characterized by said optical recording medium consisting of 
a photorefractive ingredient in the optical recording equipment of claim 7. 

[Claim 9] In the optical recording equipment of claims 7 or 8, it has the optical means which changes 
the light from said light source into one parallel light. Said signal light said a part of one parallel 
light — said a part of space optical modulator ~ some everything [ should become irregular in the 
field and / reference beam / said ] but said one parallel light — said a part of other space optical 
modulators - the optical recording equipment characterized by making a field penetrate. 
[Claim 10] It is optical recording equipment which is equipped with the optical means which 
changes the hght from said light source into one parallel light in the optical recording equipment of 
claims 7 or 8, and said signal light should modulate said a part of one parallel light with said space 
optical modulator, and is characterized by said reference beam passing the near field of said space 
optical modulator for said a part of other one parallel light. 

[Claim 11] Optical recording equipment characterized by said data information being the image 
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coded by optical reinforcement binary in one optical recording equipment of claims 7-10. 

[Claim 12] Optical recording equipment characterized by giving data information to the edge part of 

said image coded binary in the optical recording equipment of claim 1 1 . 

[Claim 13] Optical recording equipment characterized by said space optical modulator being a liquid 
crystal space optical modulator in one optical recording equipment of claims 7-12. 
[Claim 14] When it is formed of the common optical system containing the space optical modulator 
for signal light formation and the signal light and the reference beam the Fourier transform was 
carried out [ the reference beam ] by common image formation optical system are irradiated by 
coincidence Said hologram is read from the optical recording medium with which the image edge 
part of said signal light was recorded as a hologram by the read-out light which has the same wave 
front as said reference beam. The optical reading approach of obtaining the diffracted light which has 
the image edge part of said signal light, and reading data in the edge part. 

[Claim 15] The optical reading approach which carries out the Fourier transform of said read-out 
light, and is characterized by irradiating said hologram in the optical reading approach of claim 14. 
[Claim 16] The optical reading approach which carries out the Fourier transform of said diffracted 
Ught, and is characterized by reading said data in the optical reading approach of claims 14 or 15. 
[Claim 17] When it is formed of the common optical system containing the space optical modulator 
for signal light formation and the signal light and the reference beam the Fourier transform was 
carried out [ the reference beam ] by common image formation optical system are irradiated by 
coincidence The image edge part of said signal light irradiates said reference beam and the read-out 
light which has the same wave front at the optical recording medium recorded as a hologram. An 
optical reader equipped with the read-out light optical system which reads the hologram recorded on 
said optical recording medium, and the photodetector which detects the wave front of the diffracted 
light from said hologram, and reads data information. 

[Claim 18] The optical means which changes the light from the light source into one parallel light in 
the optical reader of claim 17, A field is shaded, the space optical modulator formed on that one 
optical path of parallel light — having — a part of this space optical modulator — The others by which 
said space optical modulator is not shaded [ light / said / a part of / one / parallel ] in some of 
everything [ the / irradiate a field in part and / Ught / said / read-out ] but said one parallel Ught that 
shaded are the optical readers characterized by making a field penetrate a part. 
[Claim 19] The optical reader which carries out the Fourier transform of said read-out light, and is 
characterized by irradiating said hologram in the optical reader of claims 17 or 18. 
[Claim 20] The optical reader characterized by carrying out the Fourier transform of said diffracted 
Ught, and carrying out incidence to said photodetector in one optical reader of claims 17-19. 
[Claim 21] The optical recording meditmi with which the image edge part of said signal Ught was 
recorded as a hologram when it was formed of the common optical system containing the space 
optical modulator for signal light formation and the signal light and the reference beam the Fourier 
transform was carried out [ the reference beam ] by common image formation optical system were 
irradiated by coincidence. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by tihe use of tihis translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the optical recording approach of this invention, and an example 
of optical recording equipment. 

[Drawing 2] It is drawing showing an example of the space optical modulator used by this invention. 

[Drawing 3] It is drawing showing an example of the signal light at the time of hologram record, and 
a reference beam. 

[Drawin g 4] It is drawing showing an example of the optical reading approach of this invention, and 
an optical reader. 

[Drawing 5] It is drawing showing an example of the read-out light at the time of read-out. 
[Drawing 6] It is drawing showing an example of the diffracted light at the time of read-out. 
[Drawing 7] It is drawing showing an example of the signal light at the time of record, and the 
diffracted light at the time of read-out. 

[Drawing 8] It is drawing showing an example of the signal light at the time of record, and the 

diffracted light at the time of read-out. 

[Drawing 9] It is drawing showing a photorefractive effect. 

[Drawing 10] It is drawing showing the record playback approach of a hologram. 
[Drawing 11] It is drawing showing the hologram diffraction efficiency of a photorefractive 
ingredient, and the relation of a lattice spacing. 

[Drawing 12] It is drawing showing a conventional hologram record regenerative apparatus and the 
conventional code method. 
[Description of Notations] 

1 Signal Light 

2 Reference Beam 

3 Read-out Light 

4 Diffracted Light 

5 Optical Recording Medium 
10 Light Source 

23 24 Fourier transformer lens 
30 Space Optical Modulator 
50 Photodetector 

[Translation done.] 
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k: J; oT<S^^i:#Sa3fcO*-rft <5S:D. Jttl2 

2JteiS^*^=F^-r2)®i§Sfc+^^%2p:a©|5lSf*fr?*^fa 
giStU m^?fe<0X-y>'^^}-«*i*^*Di!^^i:>.tLTI2 

[0 0 3 2] m^)l£i:#HgJt<o^f^a^e. ^fBfi5« 
{ (1/n)sin0) ] - (4) 

[0 0 3 5] LfcA^oT, m^ytco^m^^<omiti}''^ 

^tc:5. •r*t>-5®»®X-yi?gi5^}-T-H, X-yi^gp^ 
[0 0 3 6] C<0^tc©SLT, ±3^LfcJ;-5»c> COD 

Jfcfe*tf#fiaJt*«aoilS»)t^?Rk:J:oT7-yx^ 
[0 0 3 7] Lfc*'^T, C«?3^«0)tie®;^j*fC<fcn 

[0 0 3 8] *ft> ±fa<0;;SfCJeBLT> ±M\.fzXo 



40 



50 
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(6) 

9 

* -3 T :7 - y JL^gS^ nfc«#3fc:fe <fc xs 

[0 0 3 9] Lfcjb^oT^ C:<3D%M©)tM*Bl*):i?j£»C 
[0 0 4 0] 

5 5 SgtD 3 1- U V h Jt^SIf 5 fe <0 

1^5 1 5 nm^ffl^Vc^T-^S, 

[004 1] cojtaii ofs^fbrniy^fzu—^ft^. 2 

^ilS3 0 JCAWS-e-S. SEHJt^S sot LT{±. 
[0 0 4 2] C®«>mi^ ^MJt^SSOkLTs 0 

2»c^-rj;-5*?Ks^ra)t^is^fflv^So m^sm% 

T«*n^ ^on«lllJ:SV>lci^axbfelS3tffi3 4feJ: 

[0 0 4 3] :i--a^vAU:ISS-r'^€x-^fif^t4. 3 30 
VVfa— ^»4 0-e. 3— KftbT2:^-r5?3f;Vx— 3» 
i:U Sfct±r:^D1>'<^2i>t7t;iE^^»®^:LT. nvtr 
jL-^f4 0*>S^H3^Pgg3 0lC|U:tlLT. SF^Jt^ 

tm^mm 3 0 1 AwrsTff )te6 ©^fi* 2 

[004 4] 3!m)t^S 3 0 ±'vOx-i»1^0«5^ 

^^H^^isggs oo««s^ffifcMS*-rs«^-p. ^ra 

)ti5iaf§3 0*jijaLfcm<DiS®«aurcfe<D-^«S. 40 
[0 0 4 5] Z.<om^. SM)tiEf3S3 0fl!)iEi|i»*7* 

3 0<D:fe^ii»fcAI*-r5gI5»<O^fi«aS^U. SHJtSJ 
SIS 3 0<D:&i{i»t±^T<JDa^**- LT, AW 

Jtlfcftt). *i|£^^*aifibfc3l£««#i!a)t2J:«:S. 
[0 0 4 6] fc/£L. A«¥fT?t6<DJ5irili»^^F^)t 



1 1-2 3 78 2 9 

10 

^}'*#M?t2i:bTfe<fcv>o 

[0 0 4 7] c:©<fc-5fc-r-3'1t«fciSCT^fi>b<2^J; 
Tcfc^p^nfc. ^H)t^iagg3 0©-r-^'«5^JS^ 

#Sa3t2tbT. ■en^tl7-l>3:^gl^i/X2 

[004 8] CttteioT. *Oi^^AfBS«S»5(t> 

x-^ifffifeioT^ia^nfcfi^jti i:. ^115 
ns. 

[0 0 4 9] £(±cDJ;5tc. z.<D^<omBM1i^^y'^ 

1 oia«ix.y 2^gp5^«r3asibT*oi^^ Aies-r 

€tv7— i;x^giU'>'X2 3tcJ:oT*Dd^^i.iaSi« 
M?t2lcJffiS:*Jt8S^'i:NSt-<i:-r. ^%^mm''-:>'b 

[0 0 5 0] mwiH^K)f3m^iixs^fm?)^^*)mt(o 

*«Jt)^Ht±x Hl®)ttffig^Bk:. 7-Ux^Wv 

X2 4. :fe<fctfCCD*ifcD2:^7C<^»?ie«imS5 0^{«j- 
ftlbfcfe<OT«S„ d^a^f^i:.^gtjif*:5k:tt. ±jSb 

[005 1] ^tm\ OtLTti. Sfil^OtCtl^bt. 

fcU— tfJt^s 20CD^>X2 1. 2 2»CJ:oTTff3t 
6»cUT, ^My6^S3 0J£:A««*5. ^118)1^11 

[0 0 5 2] -eUTx 3hair^AM»aiU^»Cli, 3> 
ea.-^'4 Ok:j:^T, 0 5k:^-r*-5»!:^ SKit^Sl 
g3 OiDEgl^k:7'-^'1fffi«:^b/'c:<i^)t®lS3 O 

[0 0 5 3] fc/£U 0 5ti^ fE®^^ 03»C5^U:fcJ: 

LT3fi«^*nfc«^«i*». 

6 ««{?iiii^*^ra)t^Pggot5J^^ffiU: Alt 5 
■frT. ^-wSilJt^rll^itl i:L. A«3t6<D^F5)t^ 
ilii§*Siab*V^at)¥5!J'=fe#Hi)t2 fr«S^U:»±, 
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[0 0 5 4] <l<0^o\c^ AltJfe6fl'<D^HJt^ilfg3 
[0 0 5 5] CtlfcioT, ^ai^'^AiSSflg^iStt" 

[0 0 5 6] *a^f^AfBSJi{*5«<D^^)tl t±7- 
■e. lHlSf>fe4^7-y3i^gSl-':^X2 4k:j;DjS»7-l» 

*SS?-rsc:i:*^t?^So c<os*^^, c c 0-^:7 :j- 

h t'^' T'i^ ^ 7" U>f ft ^ «>J16B^tflg 5 0 tc <fc o T«im L 
[0 0 5 7] /-cfcL. c:©i:^. S^#t4S!*tilb)fc3 
3«rffi»r-r«, 

[0 0 5 8] H6t±. M*tttl*nfclHlJfJt4^^-r, 0 

1 f:#RS^2^7j<sF:?5-iRjk:^^fiLTt-'5fcii!)-??*S. 
[0 0 5 9] «±OJ;d»c, c:©5SB©JtK»Stt»>i?3* 

*#5c:i:*^-e^s. set. -fi|flD7'2^^';v-r— 
SnfcT^-^f^rWMjb^oiSf S NJ±1?M*ai-rc: i:*^-??^ 
[0 0 6 0] ri 00 1 1 0 1 1 J i:v>^7*-^f|'g^<D 

8 b i t ©7^—^51]^, MlCS^fo f2^^x ^ 
^H7t^S3 0k:J:^T, 07 (A) t^-TJ; 

1)^ r^q^j $fc« r^Bgj T^ntf. -r-^ rij 
reg^j i^it\,± mmi Tfentf, x-^f roj * 

[006 1] <:<OM^jie 1 ?:±3S LfcJfefBgJSHT*n 
i^7AfBS!j«i*5«t>tfeSL. ^©S*»*±5EL:fc)t 
SI*«lt>SMTK*HJ-rt. 07 (B) »c^-r J; -5 tc. 
M^Jie 1 <DiS®x>y ->-g|J^*^^ia*tif£lHlSf^4 

ns. fc?£L^ 07 (B) afl!a±, »c.nfcff4«% 
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««x rij \cn)&-t^(o-v. m^^AiS^ 

eil^»oxy5;ffi@«-M»Bts;^tttf. ri 00 1 i 
0 1 ij txt^of—^tn^wm^cttf^X'^^^ 

[0 0 6 2] LtcH^-Dr. COn-K}Sk:j;nif, 01 

2 (B) K^vx±^vrcn.^=2~\im<oii5K^ 

v?*M*l!lSi:w->'5*aS^r'i^Sl:Lftt/><, ^coTztb. M 
ii<£SI*^Rrtgi:ftS. set. S^^Ox.yi7g|3^i-U:<J; 
JO *)7'—^^W^^&^<OX. EI»fJt403^fiB5!Eft^»cj:S 

[0 0 6 3] Se.fc. Si^J'n- HjST'ti. 2B«lC<fc-3 
Tie-;; h©7'-i'*^-rSOT?. CSSBSEd^Tf 

[006 4] T^-^ffSfCficfiFbftt^Tii^JtCD^^ 
^tcSofcti. 08 (A) fC^-Tct^tC. 

20 :j?5?©ii«»cft 5 J: -5 ftH^- ^» ?!l 1 b :£TS»cil4n 
U ^<D2 3?li<Oiam-r-^f5iJl a. 1 b^^rtLTM 
^5t l tfflV^So /-c^L, 08 lea. • 

[006 5] C®J; S</''»c***3i?i?fl2li^»c$.S 
7^— ^5IJ1 a. 1 h^^7\Z-r^Ch\Zi^-oX. "r—^ 
1t«fcflc#Lftt/>T-«^Jfel ©ife^^— ^li:«-:?c t 

tlfcS^^ti. 08 (B) fcS^-r J: -5 tc. 2 5lJ(3D7'-^r 
?!l4a, 4 b*^|5li:SH^S5>^&«:J^ot,CDi:ft5, L 

Ritgiifts. ife^u 08 (B) t±ffia±, »enfcs 

[0 0 6 6] CSIM^ ±abfc73}ST?. IHSUriHSW 
fL i N b 03 ^m^^tco sk(D y—ymiit O. O 2 m o 

l%TSt>. iSSOctt^AS*Jt6»C«LT«ff9 0'' 
40 <OA&KmMVtZo 

[0 0 6 7] •r-^'tt««OfaStca. 0 1 IcmLfcmB 

3 0(<:(i. — H^O:*:***M 2 /imx 4 2 fiin-e6 4 

0X4 80®^<D:ro5;xi'^'ffli«ffi/<^;n. as* 

[0 0 6 8] 03»Cg^L/5:rtSflDx-^»1i««:=i>trai 
-5'4 OTf^figUT. ^M)^iSfg3 0k:A:t;L/-c. c 

50 *iai'"^A^fESbfc. 
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[0 0 6 9] ^4icmLtc^m^^\)mmicii-or. ± 

>U-^f<D%JiSl5 1 5 nm^rffll>fCo ^m?t^PS§3 

<i^Jt8W^3 0a«r^TjSJ^U. #HS3t®lSt±^T3t* 

[0 0 7 0] 06a, C(Dt^. 
T)t^tbSg5 0tc<fcoT:^tfi«nfclHlSf7t4^5^U d 

[007 1] 

[0 0 7 2] C05K9©)tS!*lR?)^^<ttf)t 20 

[0 0 7 3] Sfc, CtO^W<0)feeg:)?ftfcJ:tf5l^^^ 
8(t):^»±, ftfi^SIBS, SS^SIBS, fitffl3-K 

[Bi] c(omB<omim:^^i:xsmasmm(o-'m 
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[0 3 ] 4^vly^L.ws^^<om^^t0m^^t<D-m^^ 

[04] c<o^<o^3f.^*):^is^tfytW^9iK)m 
B©— ^j^tR-t 0-e^ 5, 

[0 5] g!*Ltn L^®ii*ai L^©— ea^r^-r 0-efe 
s. 

[06] si35>Laibi^<DiHisf)tfiD— e<i*5^'^0"p*s, 
ey*^-r0-p«So 
M%^-r0T-fe5o 

[09] y:i-hvy^'>'r-fy^Sim^^Tmv$>^. 
[01 0] 4-^ay^A<^)eSJlf^fe?^ft*^•r0T'«So 
[01 1] 7*hy7^^'7'-r:/««<D*ay^AiHiSf 

[012] tie3l€®*;oi*^^i.S®S^^Si:3-Hj** 
3^'r0TfeS<, 
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1 0 
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